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emp 

substrate <uiu a icnumagncuc v,o-anoy layer on me surface oi ine suostrate. Between tne substrate and the magnetic 
layer may be interposed a Cr-containing matallic base layer. The base layer and/or the ferromagnetic alloy layer has 
an oxygen concentration of not more than 100 wt ppm. An Or-rich layer of nickel, phosphorus, and their oxides, and 
a 0-rich layer containing an ester group are provided between the substrate and the base layer or the ferromagnetic 
alloy layer. In the manufacturing process according to the present invention, the Or -rich layer. /3-rich layer, metal 
ground layer and ferromagnetic metal layer are formed at pressure below the order of 10" 9 Torr. 



(5 7) £*) 

«-r i chl^-richl«At«:«, Sfl^K***^ 
^IITiMXtt/acmSifl^M©****** 1 0 0 w t p p mJ^TT* « 
MLa - r i c hi, richi, 1ME«T*W. »^ 



AMI* LT*>ffli&o* 



A L T;W<-T 

AM T^>=T 

AT i-APjr 

AU *-Xh7fT 

AZ T-tfA-^-r i?-t>' 

BA #X—7 • a/1,7! Jlf-J- 

B B 

B E ^A-=¥- 

B F -try 

BG y*#!)T 

B J ^-f > 
BR 

BY ^VA-— > 

C A tf-*"*' 

CF f*7 7!;*ftftg 

CG => V=* 
CH 

CI = — h • i^JlfT— A- 
CM 

CN «PS 

C U _, 



DE 


K-f ? 


L I 


DK 




LC 


EE 




LK 


E S 




LR 


F I 




L S 


FR 


77 VX 


LT 


G A 




LU 


G B 




L V 


GE 




MC 


GN 




MD 


GR 




MG 


HU 




MK 


I E 






I L 




ML 


I S 




MN 


I T 




MR 


kl 


B* 


MW 


4r = T 


MX 


KG 




NE 


KP 




NL 


KR 




NO 



V \L^rys=L? 4 > pl 

±>h^>T pT 

*y y>* RO 

V^DT RU 

\sV Y SD 

!> 1*7-7 S E 

/t/^tV/yv^ SG 

7h^7 SI 

*7=» SK 

*£K?T*feS SN 

SZ 

K=TB^-=*X7 TD 

*-<T**jS TG 

^ !> ^ TJ 

*>-^ TM 

y * ~T TR 
TT 

^#^3 U A 

^^-/t' UG 

^■7^^ US 

U Z 



A" — 7=-T 
d*>71» 

K 

*^*X*V 



WO 96/27878 



1 



PCT/JP95/00381 



io 1fr*E« 

Ull It*. «£3fcO»SlC»«Ett:©— WtLT. ^-hraH»5fill§ 

0 mi liifc^x. in i (a) itmiw&m*±i*<»&tim* ii i 

fb) itmi 1 {a) (DA- A' SG#©f0rBIIlTfc£o 
15 £#1 £LTI2. A l^tM2©gffi±(C. ^mtt (N i — P ) J§ 3 ^gfctfT* 
5t>0*fflt^f^o ^ LT> C<DSffcl ©±11(2. CrTHI4, 5*$£1££JI 

(Ni-P) H 3 It. feo^i^fc L < liX'f 7 ^i:J:ot, 
8 9 mm (3. 5 i nch) 1 . 2 7 mm ( 5 0 m i 1 ) ©f> x^^^t 

(Ni-P) «3<B^ffic:ii. «ttWttBf»fiS«CTR*Mtt©*X -r 
^ xf-^-tn^-So *^ttT*>-5o —AJftlc. (N i -P) 13©IIfi 

f ^^>*»¥S^fSl^«lJ^ Lfc t £ Of^ti'ifiS R a it, 5nm~ 
1 5 n mT £> Z> c £ fc. C r Tilfeli 4 £ %&&&M 5 (— l&K liCo 
25 mttW) (is X'?.y^fifei-«J;oT±ld©Sf*10^ffi±i-tBfiJcL. Jft&(i»tt& 
£Rjf 5 co^M^f^li-r & fcfeKStmtt ^> £ £ i%mm 6 *<. x > ? y ? cfc 
o-CSfclt £nS 0 &!itfJtt£-II©J?£<ix (N i - P) 13*<5/im- 

C r TlfeU 4 5 0 n m~ 1 5 0 n m. &&f££M 5i<3 0nra- 
1 0 0 nrru f£S$H 6 2 0 nm~5 0 nmT-^^o 



WO 96/27878 PCT/JP95/0038 1 

2 

8JL fflxJi. C o C r T aRKJt^T, JUTli^f RSM.^* o fc c 

z<DjL7t£r$m£.&Mfe-rz&ffit lti*. a^tbgip ct/jp94/ 
1 0 P P bu-rt-tz-ti-x^x. £mT&mjLii/i&mim&£mm<Dmm 

JS^ff^-tSiflKr, ^fc&^iSS^ 1 0 p p b^Tt*5A r^x$ffii^> buIE 
20 mWV>B:ffi$:'&mi&X'°y 9&IZJ:Z? >) 9*%m&i3 ZKi^ fiifiE2£f*<& 

■y ? mi be < -r s /ca6> if y h £ie§t-t & m«k* $ t> <-/hs < u 

{7*1(21 *iitil* c 



WO 96/27878 PCT/JP95/00381 

3 

Lt^ot> /h*ttt".y h®«-ct>, *£teffi&t}£m-?2>m<t>*?->zm 
5 mn&mm<?>wmmm& ioowt PP m&cr-c*>zm<t&.ifc&fflm utzmmi 

giftCUUT, a-ric hi<t^- r i c h S^A-T & d iT> 

^B^fix a-richii^-ric h Jf£^£ LTf^T 6 C £ <I 

(N i ) SO' 'J > (P) ©y ^yui^ + if-r Kj$>£*i:£a- r i chli, 'J?te 
< ifcxxr^Wt^^- r i c hm&WlX & Z> Z t&ft'&t? Z> 0 £ 

20 mimmmmfo&mmmi.. a - richi/^-ric hi/# 

25 h-tl t X i ) &tf'J > (P) CO/ ^ /L- ?T 4^ K^^^-Sct - r i c hMt, 
'M-(iUxf^Sm^iS-r i c h m^Wi T h Z Z tZft'Gktlr & c 
8ljI£lSimi£^^*©@t||^. gf*/a- r i c hi//S- r i c h«/ 

£ HtjIBa- r i c hmomW-i atmiZP- r i c hUcDflUJlt 



WO 96/27878 PCT/JP95/00381 

4 

fflti:, 3 n m ^ ( t a + t 0) S12nm Z L < . IUI£ff - 

r i c hg^Jlt atHijISyS- r i c hJi<DJ3&J£ t /3<i:£>Jtl*> 0^ (ta/ 

^l|BflOfil«lE»«M*Oiliaft^tix BuIBa - r i c hJi. hHIS /3 - rich 

ran 

15 K#*3MBt::j:nrt\ J6<*<!:#«T*M<i:<0WtCx <KC < H-.T 

;U (N i > Stf'J > (P) ^/l/i**-*^ Yfr^tsZa - r i c hgi. 'J? 
fc< t b^XT Z 0 - r i c hW&&VtzZ£lZ£>)* C r#JiT*t!2 

r i chl/jS-r i c h !/£HTit!lli/5&&i4£M t L/c C «t d J: 0 N M 
<*©SE±i:^-« a - r i c h Jf a - r i ch BcDSlLtKiSj— 1£ 0 - 
r i c hH£83:tf * :: 6o ^O^lx mWr^Ua - r i 

rich Ji©^*<'>« < o > »*®rt^rifii©«fflE^j©'<7 < t£ 

V ;U < N i > »J > (P) ©^/I'it + t^ fc^ * a - r i chli, 
'K<i^Xf;HHt5/8-r i c h MZWcrttz Z t IZ <fc *) „ C o^jl 



WO 96/27878 PCTAJP9 5/00381 

5 

r i chi/^-r i c hm/$m&&mmtLtzztizj:i), mi*<D&m±i- 

iSj— A£ a - r i c h If£-> a - r i c h ^©gffi±^i^— /j: /8-r i ch H 
5 l^:i^ti4o ^Bfr^Jia-r i c hiXli/Rt>'/8- r i ch 

3*#ig5 Kffi£3£BjjK < fcni*. BlJl£a - r i c hlgOfliU" t a tmtZP - 
r i c hJf <DflgJ? t £<t£Dft]£-, 3 nm^ it a + I & ) < I 2 nm t Ltztz 

io to. 2 o o o o e&±<Di%&jj&ttzmmmmmmt>ti&o 

m&me tzvhzmRiz&titf, niiea - r i c hmnmm t a - 

rich BOilJ? t £ £ £>it£, 0 (ta/t)J) ^liLtfcto, 
2 0 0 0 O eJ^iCfSOE^^-rSttaiEfta^W^n^o 

15 fe#jg™^x^fiie5^te^i^ffM-r s i » ©s#zS£ «t o ^ % 

oWlt^T-cb Ltztzlto, ffirSELxx^^S«-WrS)S- r i c h ff>W£S!t-f 

20 i^ht^/i . so\ mfflm&&mm*i&f&?ztimm.<»mmn&mi3\ 1 o 

" 9 Tor r^T-CfcS/ca6, mfeta - r i c h ff i ©|?®£tf#Ji^©f!L 



WO 96/27878 PCT/JP95/00381 

6 

mmmmm 



RiO+^ii LT. ffl*!* 3 6 0 0 r p m<DjI£T'[33££ -frTf^ffl-T 

is s 0 i^>b#. mmtm&tevi.'g.z&fci.^v k#o. i /*m}Ig©;^s£■?R2^f1r 
±rt^ft4&0'fiIH"6 (Contact Start Stop, CSSi»f 

25 ^tf^nS = ^i-r^^ti. W Nb, TaftOfi^M*<ft 



WO 96/27878 PCT/JP95/00381 

7 

C r ^Jg> LTti 5 0 nm- 1 5 0 n mGDiSHT'flH >£*l£ 0 

( 1 0 ~ 9 ) T o r SO\ J5£»KJB^SA r #X©*&fcMWfc&< lppra 

10 £l± i 1 0 0 p p t£TF\ «FiiCti 1 0 p p bJ^T) ^tfttio ^IT 
ifti^MtS^Cll^^-'r-y Hi. 1 5 0ppmTOfc© 

So 

20 mi LTlis &KT*M*^LT£ft©£ffi±KS8:i7**& ( 

fcffirtIE»ffl<Dttttil©*i'&') d&JfclTS fc©T£>9> fflxJf. CoN i C r, 
CoCrTa. CoCrPt. C o N i P t . CoNiCrTa. 
CoCrPtTa WftfoH £*l£o 

25 HO" 9 ) Torr^ JSJcJR.-ffloS A r^XO^jttti|i<l ppm 

£Lt U 0 0 p p t£(T\ 1 0 p p bJKT) ***t5 B ftiBtt 

£mm&fZf£-tz>f&i-m^z?-? v h*. ^m.<&mmt><3 o ppmj^T©t>© 

_hl£^ 1 ©SSl-iS-*-* CoNi Crli, ^fiffiT\ idcflggglfl© 



WO 96/27878 PCT/JP95/00381 

8 

«»££<:J"3£l**:a6x CoCrTali, i&W S -f XA<fi^/:J!) % CoPt^ 
(i, CoNiCrfCoC r T a Tttfisti*<»U* 1 8 0 0 0 e &L±<Z>Vkmt}£ 

5 tm=i x h *^fi5T\ xj&Mfi < , set *m&j*<9&tv # 

^4o^Mi^fJ<Dmi£BSS©ij&<£> tliiit^S t>©T*>Os CoCr, 
C o P t . C o C r TafA^l^nS, WH*>mt LT, cn«2> 54^14 

_tJ£»2®fliacfc(t*»«{i. S^MII©)ilf^-I< Life, Jjg®{-*f 

15 titers r»(t5te*fijfflLfcm«i£»MEi*j t^xiu ±&Ltznm 

20 K(i*>it*n^flr^iii**/j^ <t5 0 sestet 

25 ck 0 L/:CoN i C r m&Wi&l-li. 2 5 0 w t p p m>Ut*>5 1 > 



WO 96/27878 PCT/JP95/0038I 

9 

OffcJKLfcC r flgOi^lCte. 2 5 0 w t p p m£l±.~€ & 2> Z. £ titftfr -5 T t % 

10 

(»tti&&M®%feftfHft2; (Hc/Hk grain tmz-r^ ) 

S'h "^IS"^ w £ sir* ^ " Magnetization Reversal Mechanism Evaluated by 
15 Rotational Hysteresis Loss Analysis for the Thin Film Media" Migaku 
Takahashi. T. Shimatsu, M. Suekane, M. Miyamura, K. Yamaguchi and H. 
Yamasaki: IEEE TRANSACTIONS ON MAGUNET ICS. VOL.28. 1992. pp.3285 11^ £ 

20 C o m~C th 5 &g 0 x 0 . 3 «fc 0 /Jn $ 11 filT ifeoto Stoner-lohlf arth SLffc \Z X 

J. -G. Zhu and H.N.Bertram: Journal of Applied Physics. VOL.63. 
1988. pp.3248 llli> £«1$fe£llJi©«t&<fc«lK;fra<i5l ^ t ^ d t (4, &&& 

-CT. «e^jH c ^im*«<Z>lB;frir f Variable Sample 

Magnetometer. VSMi^) &m^Xmj£Ltzm<t&&frZ>fc&tzm*<Z>i?i 



WO 96/27878 PCT/JP95/0038I 

10 

i -xmiz Ltz life t >j •> xm^^ic^-r sEntio^Tfc^o **5B*j*s 

5 tzmx&Zo 



T;U ; -9/.^H*i L^i#^©^(i. gtecoj£t£fl:£. s^cd^ss 
£©f&i#T** 0 *&flE> HJ^iiO. 5mm^ MiiO. 5nmif*mi:^ 

20 

25 cn^i^„ 



WO 96/27878 PCT/JP95/00381 

11 

( y 'J 3 > ) 

20 £i\ftV3±tfiWit<bMiLi-$>Z>o 



WO 96/27878 PCT/JP95/00381 

12 

1 5 0 0 0 e : 5 0 0 O eJ£TF> - <t: li&fc]T*>So 



10 #218/3 iifctt* rfiJtfflttcfflO* A r /f^O^ttiJ iltli, ^J^.(i\ 
H 9 CK 0 2 , C0 2 >H 2 >N 2 xC x H , H, C, 0, COf^l^n 
£o «M-. «+Cfl2*)5i*n*»**^«»-r«^««li, h 2 o, o 2 . 

co 2 . o. coiit$n5o ^ot, ^^o^jfeaijgii. m&izm^z 

Ar^'XtirtStl-Cl^HgO, 0 2 , C0 2 , O, C OCDfGT3e*3~ C <t 
15 &o 

rasa***'*? ?mz£% ? y r&sj tiTii, 

tf, &«^t£tt#xE£RgrtK«^tt*:&f*K**LT. RF (radio 
20 frequency. 13. 56MHz) ^%tM&.*Qtt&lT 

25 

*5ftBfli-*?^* r^aiTiifeJi j &Bfi!c'rsps(iffl^f:c r kdttohl 

t LTIi, Fe, Si, Al, C, O, N, HfA^lf £n* c 



WO 96/27878 PCT/JP95/00381 

13 

5 i LTISs m*.li* F e > Si, A 1 > C. 0, N«?*<*tf btlS 0 

io mfoizfi&^j rxepijD) 

20 -&tt^S8*<^i;a<<£*. 



WO 96/27878 PCT/JP95/00381 

14 

5 li, ±EOSiafllffia*<iSt^»'& (#J*.te> 5 x 1 0 " 6 T o r rJ£LL<D»£0 
*«>*f*tT** CoNi Cr^CoCrPtCfc^T^, l^ti^fSlKlM&K 

10 

fiJc^Xii^©HtI^T^o^*<*»^o :©HDMIIi, »{*i££S©mRg+ 

ffii >g<*©S®*Sl£{i. &T©Pnm6t>fc£o 
CDN i P ./a l Sttirfctf^fia&N i PJi*<SBrt:££-rSo 

25 



(Stt©^ffiM£. Ra) 



WO 96/27878 PCT/JP95/00381 

15 

iLTIi, RANKTAYLORHOBSON *±£U TALYSTEP 

iffi^7 K©£®l^±jW£Jtt;&tfteI!rrs (Contact Start Stop, C S St«f 

✓So c 

10 y K£©HIRIU ■***i:*>fctt«l's? K©i^±**«[(*-r*«e«*<*4©-C. Rati 
*< v 2 n i n c h<D^r^-lis R a = 6 nm~ 8 n mt*5 c 

£ » £> ft * ft?^ & ^ittltl>5„ 
( -r ? X -f - -r fcag? > 

^cfcttsr? tiaii LTti, mi*, mmw:mmizj:zyj&, 

#3H*©*^{ix «*«6iI<i:WS^J:5^* < ^ffl$ftTt^o T;U = - 

^A^S1*o^B5i-S9:ttfc (N i -P) IHi:*J-LT. W8iJffi©^fi#S®<^ 
f LT^Sr-^, Ute-rsSflEJCjf I^RttK^Stto 



WO 96/27878 PCT/JP95/0038 1 

16 

5 ^t4^f# £ ft s fBR:#fe&<2 1 ft t i > * o 



io lSfflt*S:tt«4aS*<*«f «=»ft«o -©^. m^-v >"f-©rtS!*ni:-r*Wi: 
LTIi, IW&tf S U S 3 1 6 L#d<Jf * U\, :©aii:<t-?T, Jl^f- + > 

15 1LC3013 :o-Koy * 3J»Jk**6)2B'>. Ji. G)Mtxi : f~ fttii 

0 3li, H2(I:fctf«5a - r i c r i c h Jgft<fftli $ ft *:tti£©i£ 

Bl 6 fi, U 3 {^^L^G' - r i c hlON i (2p3/2) RO'P (2pi © 



WO 96/27878 PCT/JP95/00381 

17 

87li, m3l-^Ltz0- r i chlOC (Is) ©IStfrSaUtOiMSaS*^ 

5 19(i, m&W\2lZ&Z>a - r i c hUOflgJfit at&-r i c h®£E>flU¥t 

HI 1 012, H»J3 (-#.^ a -Tic hgOflgJf t a t 0 - r i c hUtDflgl? 
10 ^TT^^o 

mi icu ^<D^mi£^i«i*^^-r5m^T"*>So 

1 

15 2 A 1 

3 1^14 (Ni-PH> 

4 C rTifelf, 

6 \mm. 

20 1 1 S i StS, 

12 a - r i c hi, 

13 £ - r i c hli. 
1 4 C rT±feJf, 

1 5 &&1£&Mo 

25 



WO 96/27878 PCT/JP95/00381 

18 

immm 1 > 

iP) ^/Ui**-*^ K a - r i c hJii, < £ |>JtXT-/bg 

5 ' ©^*£5£fS-r ITS i (^®ffi£R a = 0. 5nm) 

1 ) , a - r i c h Jgtf^&tt (&#2 ) „ a-r i c h Jf £ £ - 

r i c hm&ffiJjtStVZ)§i& (&tt=3> zm^tzo ttz^ 3 <£>^©1fi£ 
*££:S i Sffi ( R a = 1 5 nm) ^flU^/d**- (&#4 > fctftftLfco 
10 flL a - r i c hJfijS- r i c h m*&&t £ &Ml£<Z)§IHiJ(£Stt 1 0 
~ 9 T o r r a - r i c h JicDl^te 3nmC, £ - r i c h If (£ 5 n m 

15 111^ ±l£&#3 iCfflS-T Sm^lE^to— mt LT, »-Kf-fZ?* 

11 tb) (tmi <a> © A — A * S&^BfflUlT&So 

*C, 1 OiClis a-r i chfl2, £ - r i chll 3, CrT 

Hill 5©±KfSttlI£Ktftta*o*:3£M\ ±E&JllKffi«$^*iM.tti^ 

KiT-eii. Ell (-^L/-^3©mmi^^*Oftlli^Co^T^-r^c 
1 © a-r i chiU-r i ch|4, 2 CDJ^^fi /S - 

25 r i c h«^f^R-ti-rt^XS*tTo/:fe©i-r5 e &#4(i. g®tfi£ 

£t\ &fc<Z>£ffi±lZa - r i chit/S-r i c hi^MtS^ 1 X^fl 
ooTigBfl^c (BU *XS^7»©IH*«. Sia3l3£ft*< 1 0~ 9 To r r 



WO 96/27878 PCT/JP95/00381 

19 

g (ft? u > . fiScfl^m 1 ( a - r i c h li^fiJt) . fiJcBUM 2(0- 

5 5o SI fi. «J©a - r i chli/3-r i c h MZftitklT ^©iKllfcftT 





i 


1 1 

1 SS: J£ fit i 


1 


i ; 

1 ■> 'J (8£ff*J&ffi(i. 1 


i 

i 


1 Si(lOO) JLit Si(llD) I 




1 8 9mm> 7 < x?ff2tfc | 






t 

1 

j 


I R a = 0 . 5 n m I 


1 ©PJitK^Jg (Torr) 


i i o~ 9 ^ (iattHU) 


i <E^' x_L#^ CTorr 1 sec) 

i 


1 ^ 5 x l o" 7 kl^Jl;) ! 

i i 


; ^ ®mm i > 


I i 
1 j 


i ©A r 


! 1 Oppb ! . 


ct>o 2 if^<o^mmmm 


1 1 ppm 




i A r ii X : 0 9 H X = 9:1 


(2)?M &-*fz.OELJl ( mTorr ) 


! 2 




110 0 


l(Q)^-f v h£>*m (at%> 


INigP i 


K&fBKLfcJM (nm> 


1 3 ! 



WO 96/27878 PCT/JP95/00381 

20 

. ^t$mm2 > i 

: ®&ti^E<D«J#fiffi (X) 110 0 ! 

! ©3§MB#f B 1 (#) 1 1 0 ! 

: mtmistzmm (w> \ 5 i 



J^Til> ^©a-r i chlSl/^-r i c h If© fp^fecoi ^ 

10 Ui SfttLTIi, rt/^g*<2 5mm/8 9mm > ?$A<1. 2 TmtnCf 

F\*k<DmikK*-X (fnft-) *Mtc-T*>*j, ^-r x^^^"lD]{r^L^ 
i§<5lft©SiS^I^ Ra = 0. 5nmt*^:o 

cto-c. mmn^%.&3 >. i o ~ 9 t o r r t-ca&tufcsu si*i^lt, # 

^7>7*|l^, 2 5 OX. 5^H©tnfft*aa«:Lfco 
20 ( -4 j tfc&^&a - r i c h Bf^Kffl^fiSffllM 1 m?.V>&fc* i\< ? - 

ift l e &ib l iik<nm* it x 7>7i:t, i o o °c <cflo*M$^ L fc 0 (1 

U ftflfl^ 1 it, VmTt-SJM^K* 3 >: 1 0 ~ 9 T o r r it'i^L?ffll> 

itmLfzN i 3 P 9-? -j Y<b^W®m&\* 1 P pmt^fc, 
25 i 5 i fiJcdim 1 CD*<- . A r H X £ 0 2 if % ^ £fc £ X %i£A L , J&JJH 

IlU)^E^2mTor riU„ L/i A r # X(l#3:tlS W^Jgti 
1 Oppbi:, 0 9 #Xfl^£nS^&*Ml£te 1 p pmiC@^L/Co 
(6) N i 3 P?-y7 h 0 0 W££PflD LTT^ X ^«£3g 

££^ 0 -Erc^^, Ni 3 P * - f -j V It X y ? $ ft % * - V h i: ¥ fr t 



WO 96/27878 PCT/JP95/00381 

21 

T*tl6]T **#<BSffi±K. 3 nm©a - r i c hH£^J&L 

(7) a - r i c h«^fiJtUfc^ ^111*^/8- r i c h UPpgiffltDJ&gl 

5 t, io o°c^d^^l^o lau fi6»S2*i, mm i-mmn&m& 3 x 1 0 

(8) wmimmm&^rtxitLtzm&jiik^xTJi' (c 12 -c 16 ) s-f* 

10 5nm©j3- r i c hi«lt„ IgSSto, _tI£#Xt::&1*£&M-r Z>mm~ 
(9 ) /S- r i c hJI£B/£L/c&. fiBKS2^«i N »Hli*2IS*KC 

15 x 1 0 " 9 T o r r *T8MlLT**K tW£©»**/I/^-8f»»«. filc)iI2 
20 <H!# I L C 3 0 1 3 : □ - Ka y ?5fc#it*K6)£!> Tfc 0 „ £T©K£^ * > 
25 [^2] 

; I ; 

S I IS: ^ fit i 

j ! 

; G)3mM&&. f TorrJ j 1 0" 9 £ (^S<tt>Rl;) i 



WO 96/27878 



22 



PCT/JP95/00381 



10 



15 



■ ® a r a x oT-fovumm i 


1 Oppb 




! (DA r ii x£E (mTorr) 1 


2 




®mwmM<M%ft-&&. (°C) 


2 5 0 




i 3) 9-? -j 


h©ttf4 (at*>> 


Cr. Co 62 5 Ni 3Q Cr 7 5 I 




h (inch) 


R 


i 


i (D^-y-y 










(ppm) 




! 






I 3 5 


(Cr, CoNiCr) i 




(mm) 




1 


! (D ? - ^ -y 




1 WM 2 0 0 


(Cr, CoNiCr) ! 




(W) 




1 


i ©CT»i 




12 0 0 


(Cr) | 


figfE'WTX (-Volt) 


13 0 0 


(CoNiCr) | 




iH (nm) 


1 5 0 


(Cr) | 






1 4 0 


(CoNiCr) | 

i 



tl O).';'77rIi!)^Cri«ffl0S!cJII3(:, 

U fi)c^M3 (i N *JfiTC:ii]&SC£8££ 3 >•' 1 0 ~ 9 T o r ritMltlO 
25 '^I7'fi^i;/- C f$ffiL/iC r h©^*6ttMii 1 2 0 p pmT*>o 

fee 

( 1 -J ) ldtf«3<JD«f»KA r *'X^AL, J&8H^ 3 4>?7 XJE£ 2 mT o r r £ 
L/: 0 l$fflL/:Ar#X!:tJn^Wli, lOppb (l@^L/c 0 
(15) Cr^-fv hCit^m»^mEE2 0 0W£EPtDLT7^Xv£?|£ 



WO 96/27878 PCT/JP9S/00381 

23 

-totem, Cr^-^v HU'?^$n, v h t^Eft LTStlSj 

"r^&@{C*-5^0^®±ll. 0 nm©C r®£7£/£L/c 0 

(16) C r l*^!&L/-m. f&M^3^CoN i C r Mff^ffl © til 4 

5 2 5 O'CKflQfSMJMSLfco f&U AKK£4 <i> *tt<c2HtJ(&K€ 3 x 1 0 ~ 
9 To r rltMLtffit^, ffiSS©****^-^^^ 
ifiE*l^4 0H{-*S K7'OU^ttWl;/:« ffiJ8L/:?-y-y hMti, 6 2. 
5 a t 9t> C o , 3 0a t«Ni, 7. 5 a t % C r T£> *) „ ^-fyh 
M^ztJtii 2 0ppmT*- 5 fc„ 

10 (17) fiBHS4©4 1 iIA r77X£3|AU J&3^ 4 ^ 2 m T o r r £ 
Ltz c iZmLtzA r 7i'Xi:t*n5»8grii, lOppb K@5gL*:«, 

(18) CoN i C r 9 — Y y h dH^^rH^ b^E 2 0 0 W£EPU[| IT7 5 7X 

15 C o N i C rl^filtt/fc, 

(19) CoNiC ri^ML/:^ JifcJftg4 a^JRO til OSi-. fltjie©^* 
* /U ^ - L /c 0 SJ 0 BJ N 2 # X £igA LTTC^E iLT^ 
•=>»**fl*»)/fLfc. (1) - (19) ©Xei-ckO, JH*fiJt*<> S igft 
/ a - r i c h M/ & - r i ch|/Cr £MTiti!J§/C oNiCr 

20 mmmm*&ft$i t /c Q 

•y h (D^'&tytt. N Fe : 88, Si : 3 4, A 1 .10, C : 60, O: 
12 0. N : 6 0, H : 1. 1 (wtp p m > 3£?8teilJSIiBJ& 
9 - f • hMii> Ni : 29. 2 a t %. C r : 7 . 3 a t 96, Co: 
25 b a 1 T £> 0 , ^fcfc^Jli Fe: 27. Si-10. A 1-10. C : 30. O: 
2 0. N j> 1 0 t w t p p m ) 

m 2 5 14. fc&7>ft?X*&7t^$7-7fc (ARXPS: Angle 
Resolved X - raj- Photo Spectroscopy) ^iE-$- 



WO 96/27878 PCT/JP95/00381 

24 

7(0. 5k V — 10mA) £15 t^Baffi-Cfif r> * 0 HI 2 ti3 {4> 

a-richli^-ric hB**ALfc*f*3«)««tS£lt«t«:-C**o SI 3 
{4, |2i:fcltSa - r i chlij3-r i c hm&ftM$ftfctt&<Oti&m'C 
HI 4 14. a- r i c h !©^2$A t 2 OttftSftftft-Cfe So 15 
5 14. S£5(5tt1*tH«tI, a-r i chiSt/iS-r i chii^yi^ttl 

Hi 2 3 *tt3®ift^tt, S il#:©gffi±i:a-r i chp, 

o-r i c hm<7>mM±.l-/3- r i c h JB^fflBtftiftli $ nfc±H> C rfliC o 

&£m&$ *i-Bfc£ftT^zttmfr*j}t>frizmw-e£fz 0 *tz^ &#2 cm 

10 4 ) O^iis S i «f*<2>^®±ic. a - r i c h|*frLT, CrfiCo^ 

©Tic«j:oTs 0 3X{4S4 irffl^-r* 2tt3i©IBrffi^D7 r -f ;u*<a»iJ$tifco 
HI 6 (4. H 3 IItf L/c a - r i c hl©N i (2 p 3/2) IkZfP (2 p) © 
15 lHliff5iK*H^fcfe*-C*0 s HI 7 14. HI 3 izfpLtz jS - r i c h ®©C 

HI 6 a - r i c hJI(4, 'PU < £ & — y *r )\> ( N i ) 'J > CP) CD 

^Aimetali h' (oxide) *>£^j££ftTl £^J8fr L 

tz 0 £tz, mifr>h, £- r i c hJII4'>tt< t{>x^f;H t-C t = 0> - 
20 0-) l/Tt»S:tWofc, 

25 

[S3] 

. . r- , , 

: 3kft , R a i a - rich® I £ - rich® i & & 73 I 
mm); ! j (Oei i 



WO 96/27878 



PCT/JP95/00381 



25 



5 



! 1 


! 0 . 


i 

5 ! 


ti L 


i ji « i 

! U L 


—I 1 

1 1250—1370 I 


2 


i 0. 


5 ! 




! 


I 1 4 3 0- 1 6 4 0 | 


! 3 


1 0. 


5 ! 




1 


I 2250-2400 | 


: 4 


; 1 5 




ho 




116 8 0-21201 

i i 



10 < t ^—■■j f T)\> (Ni) St>'U > (P) ©y^/l/ (metal) £ * * If- >f K 
i o x i d e ) *^/iia-r i c hHi. 'PU < <t fciXf;H^ft^. £ - 
r i c hm*WitzZ.t-C, ffi&M^tt Z> tmWLtz 0 
£tz^ SteJtCfcOT, a-r i ch|^-r i c h|0 2i*»* < "J!»T 

m*/ a - richi/i3-ric h Ji/^RTifeli/SSffitt^flRIi T£> 

*Tfe5o H8 (a) I2&#1> H8 (b) 2 > 18 (cJ li3H*M . g| 

8(d) t**^ 3 <D*&^^Lfc 0 

fcftl (o-r i chf, £ - r i chlifcil.) &«TiMi:3fc 
5m££RJI©*££S2fn)ti. C r (110) tCoNiCr flODT*^., 
25 — 2 ( a - r i c h If £><^W 0 ) K (2 . C r (2 0 0) i 

CoNiCr (110) H^ B B a I£fS]*^{L Lfco 

ZU^lZtiL-Zs ^#4 (a-r i c tig, /3 - r i chlifcf^ 

?03£jg(i/h$ < U^f Zo £ 3M£3 (a-r i chl, 0- r i chfi 



WO 96/27878 PCT/JP95/00381 

26 

twos ^ogft©gii^/]M -ctt, tk&2 fct§^-r^^^4 j: opt^mpf 

3 tfcfiM Si*i^RT4teJi©ra^, a - r i c hIi/3 - 

r i c h«£ta:<t*:*&K<i. ?^iMli©|* B B B ^7 >yAE[fi]t^f|6]A^ 

a-r i chJlcbyS-r i c hf0Si*\ irtW^l^Si^^^lfi 

10 K^^^ff^^n^fiJc^cDilJ^m^ ( 1 0 ~ 7 T o r r trfctfS, a 
-r i chTO^-r i c h WMblStV *S!l*t3\ HXT<Dtis ~ tt><%\) 

\< > a - r i c hH&O'tf - r i c h m^Rt 6 J^5t]^£>flJ^£ge>*• 
l 0 ~ 7 T o r r^i L/c^llte, &II<D#WS**a<*iM.T t ^ 
15 (-^fitLfcC r JfchC oN i C r »l<B|£BK|n]l*. 1 <kHi;C r (110 ) 
iCoNiCr (10 1) .T*> fco «fi8tf7©**fd: 1 3 0 0 Oei 

<-> ^RTJiliS^itt14#«Ji*^^*fi£«^«D5jai3lffiS©* 1 0~ 
7 T o r r&t Ltim&(~l*. &mv>$mWt1%Rfr 1 0 0 p pm*«*.fctt£A£ 
20 -o/-o ;©i#^©C rliCoN i C r ft It , 3k9¥2 t^UC r 

(2 0 0) iCoNiCr (110) "C*^ HHtt^J«>**(i 1 5 0 0 O e ff £ 

I'm a-richi, ^-richi, ^JRTlfeli. £0\ 

zf&m^ommn^mz^T 1 o ~ 8 1 o r r l^£> c rit 

i 2 0 0 ' ipt^C oNiCr (110) *?<i&?H]£ *U- C Z<D^<DW^ti\i. 
1 8 0 0 O egJKTifcofco 

.tie (>f > - <-> ©ns&s&ma^ n]»st£«a<tei t\ a-richi 



WO 96/27878 PCT/JP9 5/00 381 

27 

r i c hUte. Bijie^®TO®xt*Mid?tmtt#mJi^ff^-rs<»:^©^^ 

/S^|tjl£5M1*^M®^f^ii[-r5i^©HalS«<*©iSJg^. rich 

mitwtfath wtt*^ © jhl* ct o ^ < t- s z. t ^iit s t mm l *: = 

- r i c hl^igAt-n(i\ ^tSttK Lti I *C i: *HglJi£SilS£ tlfz 0 ifi 
U a-r i c hW)S- r i c h @£l§:t;f- ^*<Dg®*I£ 

immm2 > 

20 *mX'te, a - r i c hJf£>flIJf:t ai^-r i c hJf cDfll^t /SOftK "T 

-2 5 n mCDmm^^^n Ltz c Z&££, a - r i c h^Oflll^t a t £ 

- r i c hiO^t ££>Jtm(2> (ta/tl3) = 3 / 5 (l©5£ L*l c 

tiu©*^ mmmi tmmt Ltz 0 

t & > t>K 3 n mJ^Jb 1 2 n mJ^Tir ( a - r i 

2 0 0 OOe^^-5^m^^fco^mi£li^^^UTff^T§/Cc 



WO 96/27878 PCT/JP95/00381 

28 

*mX'i*. a - r i c h®<OBH)¥t a t $ - r i c hUOBgl? t £©Jfc3U f 

0~ 2©|gi(D^^Mtto a-r i c hl(DlH taijS- 

5 r i c hB®Blfft £©flllis (ta+t/9) =8nmi:ltlto 

a / t yS) Oi'J^<> lJ£lT©$&ffllC a-r i ch|i^- 

r i c hiA^il^ («**J&<0©ftfil::^> «t 0 2 5%J£*-ht>i^> 

io 200 o o e &mz.zm&j)Z^&f^mmfc* < &j£i'T'&t>titz 0 



■y *r & (Ni.) > CP) © * ? * -f K*> £ 6 a - r i c h fg 

15 ^< ikiX-r^g^WrSjS- r i c h IWt/c^IfCol ^T^-To 

54tm^JRJiiLTJiC o 85 Cr 15 (a t%) £ffil*fc 0 

CL©SEjj**«[B-r*fca6, LTS i (M§Ra = 0. 5 nm) 

5 ) „ a - r i c hl©^^(t^^ <&#6 > „ a-r i c h H £ £ - 
20 r i c hm&m-fit&U (fc#7 > ^IW^fco *f*7 ©*^ffife<*a< 

t^iS i (R a = 1 5 nm) (fc#8 ) fc^l/:, 

fit. a - r i c h/li $ - r i c h mZT&fSL? £ &mmo& mM£.&l* 
10~ 9 Torr"&il. a-ric hm^^W-^t 3nmi:, 0 - r i chili 

25 ttxD&itmmm i tmmtLtz 0 



WO 96/27878 PCT/JP95/00381 

29 



. j 

%. ft i &mi} (Oe) I 

j j 

5 1600-1650 ! 

6 ! 17 0 0-2100 i 

7 | 2400-2600 I 

8 ! 2050-2300 i 



10 

mmm i tmm^. xmtn^^± <xps:x-ra>- Photo 

Spectroscopy) =gg£ffil^T, 3k1fr 5 - 8 ©«£t£ilfclH*:©ffifiSt# 

( 1 ) *#6©»^li. S i Sf*©a®±tr. * - r i c hf^LT, C rig 
15 t C o-&#@*<im&1i@£*iTi »*tt!8*<Mi*tifc« 

( 2 ) &{^7 ©^£12, S i Sj*^^ffi_hf-a - r i c hH#s a - r i chi 
&WB±iz0-r i c hm&ffi?kfeM£ftt~±l~. CriirCo^li^bi: 

^7 (Da - r i c hlf K^LT. N i ( 2 p 3/2 ) SOP ( 2 p ) 
© @ fiT5^ ffi £ 98 ~t . - y -7- I N i ) S O 'J > ( P ) O > ^ ;U 

(metal) <£:**-*>r K (oxide) K&SM** £ - 7 l)<mW\£ tltz 0 — 
^, &#7©/S-r i chli:ltlT, C (Is) cDtUt^Jg^Il^/c^. x 

14^^, fc#7 £fc#8©*<&ti, &#5SO&#6tCjt-<T> 

. < > y *r/l> (N i ) SO ') > (P ) ©/ 9)1 Cm e t a 1 ) £**->7M K 
Cox i d e ) frtytiZa - r i c hMt, 'pU < i: fexxr^l^ffS /3 - 



WO 96/27878 

PCT/JP95/00381 

30 

Ift±i:fcOt, a - r i c hJI<h/3- r i c h S© 2 JI#St^i«T 
*\ *#/a- r i c hm/t3- r i c h®/5^tt^H® 

So 



10 



20 



25 



WO 96/27878 



31 



PCT/JP95/00381 



1. mfo<DBm±l-. 'PK< thC r*^tt*4IT»I*^LTCo^ 

5 ©Btffc*£#i oowt ppmMTvfrzm<tfcifc&mmLtzmmEMmm~}s 

(P ) *JWfc3j-*"*-r K a - r i c hJIi:, 4>*£ < £ fc^x-r-rt^ 

10 ft/o-r i chl/jS-r i c h «/£sRTHfe»/»iB14#Kli-e*> -5 C i £ 

3. S1*©M±f-, 4>tt< «kt>Co^^^nc*»K14^«Ji^ffiK*ti. 
^o. l£$»1£#S!l©B£i£zil£*<l OOwt ppm^TT*51tEtmi: 

15 (P) 9 frt Y~frt>UZ>a - r i c hMt, 'J?U < Hi^f^l 

flt/a - r i c hl//S- r i c hH/5iH&14£JlJI-C*S d h*k*&$kt^ ZW. 

20 5 . Bijf£a -rich li©Bij? t a <bmJl£/9 - r i c h J!©Mi¥ t £ £©#J 
*\ 3 nm^ i t a + t yS ) ^12 n mtftS C i^ftti-T -Sft^ 1 7^4 

©htn^ i iici£tfe©^fsii^ 0 

6. fiflEa - r i c h Jf ©All? t a >DjI£j3 - r i c hS©H{? t £ £©Jt 

25 1 £(;3Stt©fl£ft(£fttttt« 

7. X -r ^l^ft & £ - r i c h«*^ Bljie#^Ti&@S.C>'BljlE?ffi 

at-r -smsps 1 ftM6 ot^n^ i ii^i£tSc©^ieii^i*o 



WO 96/27878 PCT/JP95/00381 

32 

T, HijIEtf - r i chl, HijtE/3- r i ch|, mjI£#MT*tilJf , 

m^mmzifrfc-t ^^mM^mmm^tK 1 o ~ 9 t o r r^ms: 



WO 96/27878 



PCT/JP95/00381 



1/11 





WO 96/27878 



PCT/JP95/0038I 



2/11 



Fig. 2 




0 50 100 150 



WO 96/27878 



PCT/JP95/00381 



3/11 

Fig. 3 




Mfr<h<DB£ (nm) 



WO 96/27878 



PCT/JP95/00381 



4/11 

Fig. 4 




WO 96/27878 



PCT/JP95/00381 



5/11 

Fig. 5 




BB Cnm) 



WO 96/27878 



PCT/JP95/00381 



6/11 




WO 96/27878 



PCT/JP95/00381 




WO 96/27878 



PCT/JP95/00381 



8/11 

F i g. 8 




2 0 (deg.) 



WO 96/27878 



PCT/JP95/00381 



F i g. 9 



9/11 



2500 I i i i i | i i l i l i l I I i l i i i I I i I i 



2000 _. 



1500 



CD 

o 




1000 



500 



0 I I I I 1_J 1__J 1 I 1 — I L_l — l_J I I I I I 1 1_J L 

0 5 10 15 20 25 



tfl + t/8 (nm) 



WO 96/27878 



PCT/JP95/00381 



10/11 

Fig. 10 




t a/t J3 



WO 96/27878 PCT/JP95/00381 

11/11 



Fig. 11 




(b) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP95/00381 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. Cl6 G11B5/66, 5/84, 5/85 
According to International Patent Qaaaifi cation (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 G11B5/66, 5/84, 5/85 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1926 - 1995 

Kokai Jitsuyo Shinan Koho 1971 - 1995 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 62-117143, B2 (Hitachi Metals, Ltd.), 
May 28, 1987 (28. 05. 87) (Family: none) 

JP, 5-120664, B2 (Hitachi, Ltd.), 
May 18, 1993 (18. 05. 93) 

JP, 63-21752, B2 (Komag, Inc.), 

September 9, 1988 (09. 09. 88) 

& EP, 280438, A3 & US, 4786564, A 

JP, 52-135704, B2 (Fujitsu Ltd. ) , 

November 14, 1977 (14. 11. 77) (Family: none) 

JP, 57-94927, B2 (NEC Corp.), 

June 12, 1982 (12. 06. 82) (Family: none) 



1, 2, 5, 
7, 8, 9 

1, 3 
1/ 3 

1, 3 
1, 3 



Q | Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general stale of the art which is net considered 
to be of particular relevance 

"E" earlier document but published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date but later than 
the priority dale claimed 



T' later document published after the international filing dale or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

M X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

**Y M document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with cne or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
May 19, 1995 (19. 05. 95) 


Date of mailing of the international search report 

June 13, 1995 (13. 06. 95) 


Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telephone No. 



oa m n s « $ 



swama*^ pct/jp 



95/00381 



A. (BBMWFtfa (IPC) ) 

Int. CZ. - Gl 1B5/66, 5/8 4, 5/85 



mterr^timsmtm mmnn^m (ipo > 

Int. CJL* G11B5/66. 5/8 4. 5/8 5 



1 9 2 6 — 1 9 9 5^P 
1 9 7 1 — 1 9 9 5*£ 



c. Ha-r-staa^fisxnR 



Y 
Y 



JP. 6 2-1 1 7 1 4 3. B 2 ( B KtfcjC^tt ) . 

2 8. 5 8. 1 9 87 C 2 8. 0 5. 87 )( 7ri 'J-4D 

JP. 5-1 20 664. B2(4*3:£*t BStfttf^m). 
18. 5^. 1993(1 8. 0 5. 93) 

J P. 6 3—2 1 7 52, B2(3-rJ'/H>'3-*WtS'K), 

9. 9 8. 1 9 8 8 ( 09. 0 9. 88 ) 

4EP, 2 8 0 4 3 8. A3&US, 4 7 8 6 5 6 4. A 



1. 2. 5. 

7, 8. 9 

1. 3 

1. 3 



0 C«D**K*>»W<W»**ITI»<6. 



□ 



fEj $fcfT£lKTIi*>5A<, SIWaJlSBJilfcK&SiiffUci.© 

tlj *ft*£«icR**«j6T***xiift©£i*©*ftB 

roj □ atr.fcSWn^ «BL 8^*c#S-r4Xltt 

rPi SfRitUBBffrr, ^otfttfc^SSOSairtt-StfSH^B 



SMH«-£-5S7bfcB 

19. 0 5. 9 5 



aiMSIg&OJfe&B 



ta 06.95 



a If (ISA/JP) 

1 0 0 



Ife * ft > isff 



9 19 6 

i — i — i 



«B*^ 03-3581-1101 I*?* 



3 5 5 1 



»i£PeT/ I SA/2 1 0 i%2'<- : J) <19 9 2*7E) 



m * * « 



BKtttlK? PCT/JP 



9 5/ 0 0 3 8 1 



c (*§> . vtmtz ti&txbtizxm. 



HIT* 



JP. 5 2-1 3 5 7 0 4, B 2 ( *±jft«:5£^tt ) , 

14. ll£. 1 9 77 ( 1 4. 1 1. 77 )( 77? 

JP. 5 7-9 4 9 2 7. B2 ( 0 *m»#5t ) . 

12. 6£. 1982(1 2. 06. 82)(7r$V — * U ) 



1. 3 
I, 3 



**PCT/ ISA/2 1 0 <*2^-i><Dlfc*) Cl 9 9 2*7*1) 



